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Abstract

Chemical flooding is an important enhanced oil recovery technology for maintaining stable produc-
tion in oil fields. The oil displacement agents employed in chemical flooding play an important role
in emulsion stability. This study systematically investigated the effects of weak base ASP flooding
agents-partially hydrolyzed polyacrylamide (HPAM), petroleum sulfonate and sodium carbonate
(Naz2CO0s3)-on emulsion stability using multiple light scattering analysis. The analysis employed two
key parameters: average transmitted light intensity of the aqueous phase (Tay) and average back-
scattered light intensity of the oil phase (BSavg). Experimental results demonstrate that increasing
HPAM concentration significantly elevates solution viscosity, retards droplet aggregation and coa-
lescence, thereby improving emulsion stability. Elevated petroleum sulfonate concentrations sub-
stantially reduce oil-water interfacial tension while enhancing interfacial shear viscosity and elas-
ticity, effectively stabilizing emulsified droplets. The influence of increasing sodium carbonate con-
centration exhibits greater complexity: at concentrations below 1.00 wt% NazCOs3, emulsion stabil-
ity decreases with increasing concentration, whereas at 1.20 wt% concentration, oil phase droplet
stability improves significantly, attributed to altered ionic strength and interfacial tension varia-
tions in the aqueous phase.
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2. SCIOERSy
2.1. HARA{LES

B SRS DB SR s V57K BE NV KA IEARIE SRS . AW A KR S T A T e
(fAIFK HPAM), A& ELIN 90%, Rt TELN 1.9 107, KB AT AR AmiEEREE: H8E
HLIN 40%, KRB AT AT NapCOs: Zrirall, REETTRFR R 2l R A 7 47

LC-OES-60 BB AR, Hilg JRIBIGAITA PR 7 4E7; HR-500DG B340, Eifgyr
WSl A PR w4277 Turbiscan Tower %! 2 #GHUN X, % E Formulation 2 74 /=; TX-500C 2 Jie % i
Gk 711, CNG A R4,

2.2. SEWFE

2.2.1. 55WR=JTiARAYECH!

8 500 mL BeM AR 298.33 g 5 /K48 A B BB FE s b, FREX 1.67 ¢ HPAM TH 3 57 RN
IEFERFERS K, B4 2 h 5 5000 mg/L (EREGWIEM, = SEIR it 7 M REWEI . A iliEg
#h NayCOs M5 /KR & FFE 4+ 30 min $RAF 5558 = 01K -

2.2.2. FEKANE

Z [/ SY/T 5370-2018 (1 S FHmisk Syl J7ik) wh i Be s vl e SRk 1. B — e =AY 59
B8 =TI N BRI B A b, DS A AR, A e S 5K S AAE 45 CHEIR % F R EL 5000
o/min A SR 5K B AR AL, 28 R D FEAA R BT L, BRI TR ) .

2.2.3. AREROHIF
B 16 mL 590 =085 4 mL JRMIR S, 45°CHI# 30 min, {#H HR-500DG FI40AX LA 11,000
r/min 4% 1 min, FRE IR .

2.2.4. SEXHSETNARBIREN

K 45 B FLPRBE N 2 G BUHA T B, 45 CHEIE &4 F#T 60 min, KEE TS [ A 35
SHEATE BUHE B2k, {8 Turbiscan Tower £ B G UMY TowerSoft 24T K04 1 43 H7 AW 72,
SO = G U B — B ek, W TEE ek, DRI R S AR 0.01% 1 £UE o T AT
B BEANVER A OB AR EE 3 [ 11 [17], W 1o X T7KAR, BB ST B (T BT RAE, 5
BB T JAE 2 7 B IS T35 3 A ROR VT ) 45 07 BB PR D B8 P 88, 38 B e i P (s, AL i 2,
FUALFEREEOR; Rz, FULRERERR/N . XHTulkl, i Al AR AL TR 3 AGE Y, TR R R A S
St AR FLAGIBRR U 23 R AR G IO, DRI B35 BIUR 6 3R P L (BSwe) EAT RAE, FoRFE— I 1T MU e
R 252 USCEI P AR A 1 5 7 B PP BB R P 3, T O s P, AR, A
WREFEHK: Rz, FLFRFE/N.
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Figure 1. Oil phase area and water phase area division diagram
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3. BR5118
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Figure 2. Effect of polymer concentration on aqueous phase 7ay of weak base ASP emulsion system
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Figure 3. Effect of polymer concentration on BSavg of 0il phase in weak base ASP emulsion system
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Table 1. Solution viscosity and demulsification rate of aqueous emulsion droplets of weak base ASP emulsion systems with
different polymer concentrations

= 1. TRIREYIRE R SEH = T LA RS R E R R R LR S

RAE IR (mg/L) 400 600 800 1000

1 3% % (%/min) 0.00336 0.00182 0.00119 0.00100
R2 0.9958 0.9646 0.9818 0.8947

TR JE (mPa-s) 3.9 5.9 9.4 12.9

A1 TR, B AP EE IR0, AR LA R LI 2B kDN, R AR BE AN 400 mg/L
#1000 mg/L B, 55k = oA RS O/W B FAL R I FLIE 2 B 0.00336%/min £ 1K 2
0.00100%/min, HtHIHEERE VAL, KA FUA R A LA BN R, AR LA RO S e PR PR . X2 A
REEGYREERS NG, KA IOR LR R, SRE WK FE A 400 mg/L 3 hn%] 1000 mg/L I, §55 = Jo i
(PR E 3.9 mPa-s 3% 12.9 mPa-s, #R4E Stocks SEHE[14], AU EESE N, FLAL I 13E 3 FE R 2 -

L3 FTHT, BEE T RN IE RS, THAH BSave J0i80 8T FEARIR Jo R AT AR, Ul B A K Ut (8] R T
THAHFAL TR P SR EEFN IR I o M\ BSag AR T AN, BEE RS VIRIESE NN, BSag 15 PR (I [H]
BWIEA, LB IG N R A W R B e A LAV S SRR SR I B

T F1 BSue FIWFITEE RINR I, A BEVIREE, AR RE . FIEREIE R, —J7 =N
R KRR AR ER I K IEYER G, SRR FE I B e 42 OOk 252, 3 17 e 2L A YR 1) il
FEWNE, FARIREERE ST, 53— J7 TS 3 KA SR TR MR Tk e R 1t g e AR B A R, SR B93-S (E K St
RAFEE, Pem S sy PR FEAN I, LA I S EHMEE IO, 2T 4 v LA R PR AR 1k

3.2. AHREREL N FL KRR E M KRN

[ 52 BA YR E Y 800 mg/L. NayCOs IR FE N 1.2%, A1 IR E K BE 70 518 0.05%- 0.10%- 0.20%-
0.30%#0 0.40%, 1%H8 2.2.1 F12.2.2 il &7, 1208 2.2.3 2 BeRU AT AR R e, 4531
WL 4 A s,
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Figure 4. Effect of petroleum sulfonate concentration on aqueous phase 7z of weak base ASP emulsion system
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Figure 5. Effect of petroleum sulfonate concentration on oil phase BSay of weak base ASP emulsion system

[ 5. BmEBRE R X S5 = T L AL IR R AR BSae 200

HIE 4 AT, BEAE ERUUN TR AOSELS, ZKAH T BTN, Ul B SEA O TR) 2 (i ik /KA 2L ALV L
e REMEBIF, BEIM Tag K. X EEA R MAEIR FRIR LI T BHZRWTHT, BEAE A M ARIR £R IR L IR 38
TNy Tavg BB FEEYS, ULMIHE A TR R EE VR B2 W] 3 e A FLAL IR IR E T o THERI 4 v Toog HORY
FATGPAFOFLIE AR, IR 20l 2 WAL BEE QMBI SRV NN, BFLIE A E WA, YRS A

TRPRERVREE,  7KRH FLAG VB RS E 1R 1B 1Y 0

Table 2. Interfacial tension of weak base ASP emulsion system with different petroleum sulfonate concentrations and demul-

sification rate of aqueous emulsion droplets

= 2. NEAMEBREL K E B S50 = TTEL LA R A E K D RIKARFL L RE R AR LR R

B TR £R R FE (%) 0.05 0.10 0.20 0.30
it L3 22 (Yo/min) 0.00511 0.00236 0.00159 0.00146
R2 0.9983 0.9878 0.9643 0.9408
FLTHI5K 77 (mN/m) 0.0545 0.0186 0.0035 0.0028
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Figure 6. Effect of Na2CO3 concentration on the aqueous phase T of weak base ASP emulsion system
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Figure 7. Effect of Na2COj3 concentration on oil phase BSag of weak base ASP emulsion system
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Table 3. Interfacial tension and demulsification rate of aqueous emulsion droplets of weak base ASP emulsion systems with

different Na2CO3 concentrations

= 3. TR NaxCOs R EHISSIR= AL LI R A E K DA B RB A FLIE =R

Na2COs ¥R 5 (%) 0.60 0.80 1.00 1.20

B FLI% 2 (%/min) 9.548 x 107 8.572 x 107 6.826 x 107 3.436 x 107
R? 0.9662 0.9792 0.9837 0.9726

FHTHI 5K /1(mN/m) 0.00793 0.00767 0.00731 0.00730

M7 BT RR, BEAE S A R RES, TR BSave BT PR, 10 BH A KBTS IRDHE (2 145 deb AH LA 00 1)
REMEI . X 60 min ) BSag P51, NaxCOz X} BSave B2 MU 32 2 2R [R5 A S EFH, NaxCOs
WRIE 1.00%HF BSane FHXT B, 1t B Ly AH LA R Ao e M e 22

g 11 BS g IR FEEE SRR IH, 24 NaxCOs WK E<1.00%H, Bf# NayCOs ¥R i, 7K A1 A1 i A4k
W Fa e MEIRTS, XN NaxCOs IRFEI NG, /KHIES Fom S R a4k, STk JIPARGE 3), A
T 5531 LE S 7K ST (¥ 43 A0 1 0 R A2 R4k, TR 1 LA TR 43 T 78 K ST P4, (H39I0 NaxCOs ¥R & 2
FRARIAVIORE B, LA Rl S Mt 20 10 K, 3 T LA VR A P DR S5 [ 10] 0 24 NaxCOs WRFERE I E 1.20%H,
IKAHFLAL VR A e R4k 2 T B, H I AH AL AR e eI 5, X2 (RS2 NaoCOs R FE AL 52,
TR 5 57 ZE I K PR AR R 230 B A R AR AR Ak, 40 EAE W AH P Vi i R b 20 T3 22 (18], TR /KAH FLAK
TR A R 55 (E I AE LA T A e MR B

4. g

FEABE T, L 2 BEOGBENER ARG 7 99580 = 0 10 FLROBAE 2 MRS . SRS PIIR 2
SO — TTWORG L AR E R R 2R, G SR IR L RO N, S WORS B R K. IR R AR, AR
TR JOOFMERL IR, AR LA TR BOARS E P IZ AT G o, AR FLAL TBORIE BIREE I R E . A
THER £5 34 J5E (0 B8 0I0 AT 2 25 BRI K PRI K A0, FUIRIBRE T BHETEEAR,  BSag IBHTIGIN,  ZKARFLAL TR
MR FLE R TR, SRR AR e TR R E 98, BB NaxCOs WREEMIIEIN, FUIRW) Tovg BHTIG N,
R FLAL R AR E VE AR SR, NaaCOs ¥R XTI AH 7L A R0 PO A 2 11 2 2 B o o A1 e 189 )
%, 2 NaxCOs IR 1.20%00, il A FLALIBGR AR E PRI 9. i F LR G R b, Bk 1 B ob
WA T LT R R LA, 5 S B 2B W TOAN R PR 3O SRR R A (R o

E&mE
RIR T i PPERIE RN H « CA#IR IR IR 1 2 S A AL RCR M R R T (5« 2d-2024-67)
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